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This study was to evaluate effect of '*°I brachytherapy combined with chemotherapy on advanced non-small 
cell lung cancer (NSCLC). Patients with NSCLC in stages III to IV were divided into two groups: Group 
A (n = 27) received '*°I brachytherapy combined with gemcitabine and cisplatin (GP) chemotherapy, and 
Group B (n = 27) received GP chemotherapy only. The results showed that the overall response rate and 
median progression-free survival time were 78% and 11.5 months in Group A, 41% and 8 months in Group 
B, respectively (P < 0.05). For Group A, the 1- and 2-years survival rates were 67% and 37%, respectively, 
with the median survival time of 16 months, whereas the corresponding data of Group B were 48%, 22% and 
11.5 months (P > 0.05). The interventional complications in Group A included 5 patients with postoperative 
pneumothorax and 4 patients with hemoptysis. No patients had radiation pneumonia, radiation esophagitis or 
esophagotracheal fistula. Chemotherapy treatment-related toxicities were not significantly different between the 
two groups. The relief of tumor-associated symptoms including cough, hemoptysis, chest pain, and short breath 
was found in both groups, without statistical difference in remission rates between Groups A and B (P > 0.05). 
In conclusion, '*I brachytherapy combined with chemotherapy proved to be safe and effective for treating 
advanced NSCLC with few complications. It improves local control rate and prolongs the progression-free 
survival time. 
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I. INTRODUCTION 


Lung cancer is the leading cause of cancer-related mortal- 
ity, about 80%-85% of which are non-small cell lung can- 
cer (NSCLC) [1-3]. The treatment is dominated by surgery, 
but due to the lack of typical symptoms in the early stages, 
up to 70% of patients with NSCLC already have locally ad- 
vanced or metastatic disease at the time of diagnosis. This is 
why only a third of all patients are eligible to receive curative 
treatment, hence the poor overall prognosis [4, 5]. To some 
extent, radiation treatment can alleviate the clinical symptoms 
of NSCLC in the middle and advanced stages, but the over- 
all effect is not satisfying [6]. Chemotherapy is the mainstay 
of treatment for NSCLC in the middle and advanced stages, 
among which gemcitabine and cisplatin (GP) are the standard 
regimen [7]. However, the local control rate of chemotherapy 
and its effect on distant metastases are still not actually ideal 
due to the imperfect tissues distribution [8]. 

Iodine-125 decays, in half-life of T,;2 = 59.6d, through 
electron capture into excited tellurium-125, which emits low 
energy y-rays (27—35.5 keV, actually they are the 35.5 keV y- 
ray and tellurium K« and Kg X-rays induced by the 35.5 keV 
y-ray). This can be used in low dose rate brachytherapy by 
implanting '*°I seeds in the tumor area. In treatments of 
lung carcinoma, '°I seeds cause little trauma, less compli- 
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cations and favorable local control rate [9—11]. In this study, 
efficacy and feasibility of !I brachytherapy combined with 
chemotherapy on advanced NSCLC were evaluated. 


II. SUBJECTS AND METHODS 
A. Subjects 


From February 2010 to January 2012, 54 patients treated 
in China-Japan Union Hospital affiliated to Jilin University 
were enrolled in this study. 

The inclusion criteria were: a) patients with histologically 
confirmed NSCLC in stages III to IV according to the Inter- 
national Union Against Cancer staging system and ineligible 
for surgical resection [12]; b) Karnofsky performance status 
of 70 or more; c) no severe coagulation disorders; and d) a 
life expectancy of more than 3 months. 

They did not include those patients who were in preg- 
nancy or lactation (a), who had received anti-tumor treat- 
ment such as chemotherapy, radiotherapy or other anti-tumor 
therapy within 3 months of study treatments (b), who were 
suffering from uncontrolled serious infections (c), and who 
were suffering a concomitant serious illness, such as un- 
controlled angina pectoris, myocardial infarction within 3 
months, heart failure, uncontrolled diabetes mellitus, severe 
respiratory failure, uncontrolled hypertension and severe co- 
agulation disorders (d). 

The 54 patients were divided into two groups: 
brachytherapy combined with GP chemotherapy (Group A, 
n = 27), and GP chemotherapy only (Group B, n = 27). 
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Informed written consent to participate was obtained from 
all patients. The study protocol was approved by the Ethics 
Committee and the Institutional Review Board of China- 
Japan Union Hospital, Changchun, China. 


B. "I seed implantation 


The !”I seeds were Model BT-125-1, GMS Pharmaceu- 
tical Co., LTD, Shanghai, China, sized at (4.5 + 0.5) mm 
length and (0.80 + 0.05) mm thick, with an initial activity 
of 25.9MBgq. Before implanting the !*I seed, Group A pa- 
tients underwent Single-Photon Emission Computed Tomog- 
raphy/CT (SPET/CT, Philips Healthcare, WA) scanning to 
evaluate the form, volume and features of the tumor. The CT 
images of 5 mm layer thickness were input into the treatment- 
planning system (TPS) produced by Beijing Flying Zhaoye 
Technology Co., LTD. The minimum prescribed dose tumor 
value (MPD) was 120 Gy (100-140 Gy). According to the 
preoperative plan made by TPS, the required number and lo- 
cation of the '*°I seeds were determined and the needle’s po- 
sition was marked on the patien’s body surface. Implantation 
was carried out by professional radioactive technicians under 
the guidance of CT. With 2% lidocaine local anesthesia, one 
or multiple 18-gauge needles were gradually inserted percu- 
taneously into the tumor, and the turntable implantation gun 
was applied to implant '*°I seeds into the tumor at 0.5-1.0 cm 
intervals. The adjacent implantation needles were gapped at 
about 1cm. The !*°I seeds were implanted as planned and 
instant verification was made by CT scanning. 


C. Chemotherapy 


Chemotherapy consisting of gemcitabine (1000 mg/m? on 
Day 1 and 8) and cisplatin (30 mg/m? on Day1, 2 and 3) ap- 
plied to all patients intravenously. The GP chemotherapy was 
repeated every 3 weeks with a maximum of 4 cycles. Be- 
fore chemotherapy, patients were routinely given 5-HT, an- 
tagonist for prevention of vomiting response. If a patient ex- 
perienced excessive adverse events, the subsequent treatment 
cycle would be delayed until the events almost disappeared. 


D. Follow-up and evaluation 


Before treatment, the vital signs and tumor-associated 
symptoms of the patients (cough, hemoptysis, chest pain, and 
short breath) were recorded. Follow-up CT examinations and 
clinical hematological tests were performed monthly for the 
first 3 months and then at 1-3 months interval. 

Tumor response, evaluated according to the Response 
Evaluation Criteria in Solid Tumors (RECIST), was classified 
as follows: complete response (CR), partial response (PR), 
stable disease (SD) and progressive disease (PD). The over- 
all response rate (ORR) was calculated as the total percent- 
age of patients with a CR and PR. The clinical effects of 
treatment were assessed by ORR, progression-free survival 
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time (PFST), survival time (ST), and treatment-related ad- 
verse effects. 


E. Statistical analysis 


The statistical analysis was performed using SPSS 19.0 sta- 
tistical software. The data are presented as the mean + stan- 
dard deviation (SD). Significance of differences was evalu- 
ated by Student’s t test. Response to treatment was analyzed 
by Pearson’s x? test. Survival analysis was done with the 
Kaplan-Meier method, and the log-rank test was used for sur- 
vival comparison. Values with P < 0.05 were considered 
statistically significant. 


Ill. RESULTS 
A. Patient and tumor characteristics 


From February 2010 to January 2012, a total of 54 patients 
with unresectable stage HI to IV NSCLC were recruited in 
this study. Group A (n = 27) were assigned to combined 
125] brachytherapy and GP chemotherapy, and Group B (n = 
27) were assigned to GP chemotherapy only. The median 
follow-up time was 15 months (range 5-28 months). Average 
chemotherapy cycles were 2.4 + 0.8 in Group A and 2.7 + 
0.9 in Group B (P > 0.05). The verified dose for Group A 
was (123.4 + 10.7) Gy, being consistent with the treatment 
requirements. Patients’ characteristics are given in Table 1. 
There was no statistical difference in age, gender, histology, 
lesion location, clinical stage and tumor size between the two 
groups (P > 0.05). 


TABLE 1. Characteristics of enrolled patients with advanced 
NSCLC 
Characteristics* Group A (n = 27) Group B (n = 27) 


Age/y (mean +S'D ) 


45—68(60 + 8.5) 


51-70(64 + 7.4) 


Gender (male/female) 17/10 13/14 
Histology(S/A/AC) ° 16/9/2 19/5/3 
Lesion location (C/P)* 20/7 16/11 
Clinical stage (III/IV) 16/11 13/14 
Tumor size /cm 4.12.1 3.9 + 2.5 


a No statistical difference was found in age, gender, histology, lesion 
location, clinical stage and tumor size between the two groups 
(P > 0.05). 
bs, squamous; A, adenocarcinoma; AC, adenosquamous carcinoma. 
€ C, center type; P, peripheral type. 


B. Anti-tumor efficacy 


In Group A, CR, PR, SD and PD were observed in 5, 16, 
4, and 2 patients, respectively. A typical case of complete re- 
sponse in Group A is shown in Fig. 1. In Group B, CR, PR, 
SD and PD were observed in 2, 9, 9, and 7 patients, respec- 
tively. The ORR (CR + PR) in 6 months were 78% for Group 
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Fig. 1. A typical case of '*I brachytherapy and GP chemotherapy treatments: a 60-years-old man with squamous cell cancer located in the 
lower lobe of left lung, (a) The tumor was sized at 4.2 cm x 4.0 cm. (b) Instant CT scan verification was made after implanting 125] seeds and 
the verified dose was 116.8 Gy. (c) Six month after "I brachytherapy and GP chemotherapy, the lesion disappeared on the CT scan, only 
funicular shadow and the '°I seeds left. The patient achieved complete response after the treatments. 


" 1.0 J ; (a) 
g Q + Group A 
= 08 l 
Š, a 
a 
N Å" 
E z 0.6 L 

© 
E? AA 
o g 0.4} Group B Group A, 
> 0 L A 
3 g censored 
Eg l l 
8 L \ 
53 02 l 1 a 
£ l 
3 Group B, censored —-—— 
© oo 

0 10 20 30 
Time (month) 

1.0 1 H (b) 
e | 1 
Bost a La A 
T 
2 ] “1 
3 0.6 l Group A, 
a Group B l censored 

5 f 

3 0.4 l | 
mn li 
K H 
Fj ag” 
£ > 
5 — 
o 


Time (month) 


Fig. 2. (Color online) Progression-free survival time (a) and overall 
survival rate (b) in Groups A and B. Group A is better than Group 
B in progression-free survival time (P = 0.023), but no statistical 
difference was observed in the overall survival rates (P = 0.125). 


A and 41% for Group B (P < 0.05; Table 2). The median 
PFST was 11.5 months in Group A and 8 months in Group 
B (P < 0.05; Fig. 2(a)). The median ST was 16 months in 
Group A and 11.5 months in Group B (P > 0.05; Fig. 2(b)). 
The 1- and 2-year survival rates were 67% and 37% in Group 
A and 48% and 22% in Group B, respectively. No statistically 
significant difference in survival rates was found between the 
two groups (P > 0.05), while significant difference in ORR 


TABLE 2. Curative effects in Group A and Group B 


CR PR SD PD ORR (%) 
Group A (n = 27) 3 16 4 2 77.8 
Group B (n = 27) 2 9 9 7 40.7 


a CR, complete response; PR, partial response; SD, stable disease; PD, 
progressive disease; ORR, overall response rate. 


between Group A and Group B was observed (P < 0.05). 


C. Complications 


No treatment-related death occurred in both groups. In 
Group A, 5 patients developed postoperative pneumothorax 
during the '*I seed implantation procedures. Among them, 4 
patients recovered in 2h, and one who had lung compression 
> 30% was treated with thoracic cavity closed drainage and 
recovered in 2 days. Four patients with hemoptysis recovered 
after conservative treatment. None of the patients had radi- 
ation pneumonia, radiation esophagitis or esophagotracheal 
fistula during the follow-up. 


D. Adverse events of chemotherapy 


Chemotherapy treatment-related toxicities in all the pa- 
tients were classified based on the WHO toxicity criteria. 
Grades 3 and 4 leukopenia, thrombocytopenia and anemia 
were observed in 5, 3, and 2 patients in Group A and 6, 2 
and 3 patients in Group B, respectively (P > 0.05). Grade 
3 nausea/vomiting and diarrhea were observed in 3 and 2 pa- 
tients in Group A, 4 and 1 patients in Group B, respectively 
(P > 0.05). Grade 3 or 4 arrhythmia, alopecia, liver or renal 
function damage were not found in both groups. 
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E. Tumor-associated symptoms 


Tumor-associated symptoms, such as cough, hemoptysis, 
chest pain, and short breath, were compared between the two 
groups before and after treatment. Relief of symptoms associ- 
ated with the tumor lesions was found in both groups after the 
treatment in different degrees. The remission rates of cough, 
hemoptysis, chest pain, and short breath were 60.0% (9/15), 
64.3% (9/14), 61.1% (11/18) and 60.0% (12/20) in Group A, 
35.3% (6/17), 36.4% (4/11), 35.0% (7/20) and 38.9% (7/18) 
in Group B, respectively. No statistical difference was found 
in remission rates between the two groups (P > 0.05; Ta- 
ble 3). 


TABLE 3. Clinical symptoms before and after treatment in two 
groups 


Symptoms Group A (n = 27) Group B (n = 27) 
Before After Before After 

Cough 15 6 17 11 

Hemoptysis 14 6 11 7 

Chest pain 18 T 20 13 

Short breath 20 8 18 11 


IV. DISCUSSION 


The mechanism of !*°I brachytherapy is the use of low en- 
ergy y-rays to damage DNA duplexes and reduce probability 
of mitosis and of proliferation of cancer cells [9, 13]. By us- 
ing advanced TPS system we simulated the three-dimensional 
shape of the tumor and calculated !*°I seeds distribution and 
therapeutic dose according to tumor morphology. The !*°I 
seeds were implanted into the tumor under ultrasound, CT 
or endoscopic guidance providing steady irradiation to the 
tumor cells at all stages of the cell cycle, with a lower ra- 
diation dose to normal tissues adjacent to the lesion. Sev- 
eral studies have proved effectiveness of 15I brachytherapy 
of head and neck cancer, pancreatic cancer and prostate can- 
cer [14-18]. Chemotherapy is the mainstay of treatment for 
advanced NSCLC, of which GP is a standard regimen [7]. 
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The '*°I brachytherapy improves the local control rate, and 
chemotherapy has a potential effect on distant metastases. 

Similar to Refs. [19, 20], combined '*°I brachytherapy with 
GP chemotherapy can achieve better overall response rate 
and longer PFST than the control group (P < 0.05). Also, 
the combined treatments showed better benefit in median ST 
and survival rates, though the results were not statistically 
significant. 

The main complications of '*°I brachytherapy were pneu- 
mothorax and hemoptysis [2 1—24]. In the present study, 5 pa- 
tients developed postoperative pneumothorax and 4 patients 
had hemoptysis in the puncture course. All of them recovered 
after proper treatment. This was compatible with the results 
in Refs. [21-24]. For both groups, the treatments were well 
tolerated by patients, without treatment-related death. Due to 
the low energy spectrum of !*°I, much less radiation damage 
can be done to neighboring organs. With a median follow- 
up time of 15 months (in a range of 5—28 months), none of 
the patients had radiation pneumonia, radiation esophagitis 
or esophagotracheal fistula. Chemotherapy treatment-related 
toxicities of Group A were similar to Group B, indicating that 
125] brachytherapy combined with systemic chemotherapy do 
not increase chemotherapy toxicities, while obtaining good 
local tumor control. 

For patients with advanced NSCLC, the therapeutic goals 
are not only improving response rate and prolonging life, but 
also alleviating symptoms and improving quality of life [25]. 
About 74% of patients with advanced lung carcinoma expe- 
rience chest pain symptoms [26]. !*°I brachytherpy can re- 
lieve chest pain. The mechanisms, not fully understood so 
far, though, may be related to the decrease of pain chemical 
mediators because the radiation treatment shrinks tumors or 
inhibits tumor cells from releasing pain medium [27]. Relief 
of tumor-associated symptoms including cough, hemoptysis, 
chest pain, and short breath was found in both groups, with- 
out statistical difference in remission rates between the two 
groups, owing probably to the small sample sizes. 

Therefore, further research with more patients is necessary. 
Also, the observation time (median 15 months) was relatively 
short, and observations of long-term curative effect, survival 
time and other indicators should be carried out. Finally, 1257 
seeds are of relatively high cost that cannot be accepted by all 
the patients. 
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